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TREATING CHANNEL INSTABILITY AT BRIDGES
By
Peggy A. Johnson
1
ABSTRACT
The design of stream stabilization and naturalization projects often includes stream reaches with 
one or more highway crossings.  A transition is needed at the intersection of the project and the 
bridge to pass water and sediment through the bridge opening without increasing scour or 
aggradation.  There are a number of structures that have been used in stabilizing and naturalizing
streams that can be used for this purpose.  Each of the structures have a variety of applications 
and limitations as well as numerous sources of uncertainties. 
INTRODUCTION
Projects to stabilize and naturalize streams disturbed by highway construction, urban 
development, and channel modifications, such as straightening and dredging, are being 
implemented in many areas across the country.  It is common for streams to intersect one or 
more roadways in a given project reach, particularly in urban settings.  Therefore, it is critical to 
the success of the stabilization project as well as the safety of the bridge, that the intersection of
the roadway and stream be appropriately incorporated into the design. 
At the intersection of road crossings and stream projects, the design of the channel project must
often be disrupted so that all or part of the flow returns to the channel or near channel, depending 
on the configuration of the bridge approaches and abutments.  Thus, a transition is needed that:
(1) conveys flood flows up to the design flood for the bridge, (2) conveys sediment flow without 
causing additional scour at the bridge piers and abutments, and (3) does not produce aggradation 
beneath the bridge.  Ideally, the transition should provide a more effective conveyance channel 
that actually promotes water and sediment flow through the bridge opening.  Several methods for 
achieving such transitions are described in this paper. 
FLOW ALIGNMENT MEASURES
Flow alignment devices were originally developed to divert high shear stresses away from
channel banks to prevent channel migration and bank widening.  More recently, some of these 
measures have been tested or used to alleviate problems at bridges due to local and contraction 
scour.  These measures include submerged (Iowa) vanes, bendway weirs, guidebanks, rock 
vanes, cross vanes, and w-weirs. 
Small isolated submerged vanes, known as Iowa vanes, have been used for many years to deflect 
flows and sediment to control spiral flow in bends and erosion at banks.  The ability of 
1
Associate Prof., Dept. of Civil and Environmental Engrg., Pennsylvania State University, 
University Park, PA 16803.  Phone: 814-867-4844; E-mail: paj6@psu.edu 
 
Treating Channel Instability at Bridges
First International Conference on Scour of Foundations, ICSF-1
Texas A&M University, College Station, Texas, USA   November 17-20, 2002
678
submerged (Iowa) vanes to reduce scour at bridge piers was recently tested at the University of 
Auckland (Lauchlan, 1999).  They found that the vanes could reduce scour at the pier by up to 50 
percent.  A variety of experimental studies (Odgaard and Kennedy, 1983; Odgaard and Lee, 
1984; Odgaard and Mosconi, 1987) have yielded the following guidance in the design of these 
types of vanes.
$ Submerged vanes are effective over a wide range of flow depths from two to eight times the 
vane height.   
$ The ratio of the vane height to flow depth should be between 0.2 and 0.5 at the erosion-
causing or design flow rates.
$ The length should be about three to four times the vane height with an optimum angle of 
about 20( from the primary direction of flow.   
$ Lateral spacing of the vanes should be less than about twice the flow depth.
$ Vanes are typically constructed from sheet pile or reinforced concrete founded on adequately 
deep pilings, but could also be made of large rocks or wood with footers of adequate depth to 
resist erosional forces.  
Bendway weirs are low elevation stone sills, very similar to vanes, used to improve lateral 
stream stability and flow alignment problems (Lagasse et al., 1997).  Bendway weirs are 
typically not visible at bankfull flow.  They redirect flow by causing the flow to pass 
perpendicularly over the weir.  They are made from stone, tree trunks, or grout filled bags.
Based on HEC-23 (Lagasse et al., 1997), a brief summary of design guidelines is given.
$ The weir height should be 30 to 50 percent of the flow depth at the mean annual high water 
level.
$ The angle from the upstream bank tangent line to the centerline of the weir should be about 
50 to 85 degrees (this high angle is due to the placement of the weirs at channel bends).   
$ The length should not exceed one-third the mean channel width, with typical values between 
one-tenth and one-fourth of the channel width.   
$ Spacing of the weirs is dependent on the channel radius of curvature, weir length, and 
channel width.
$ The top width of the weir should be two to three times the diameter of the largest of the rocks 
used to construct the weir.   
$ At least three weirs are used to direct flow around a bend. 
Guidebanks can be used when embankments encroach on wide flood plains.  They provide a 
smooth transition of flow though bridge openings, and thus, reduce turbulence and move scour 
away from the abutments (Lagasse et al., 1997).  Guidebanks are constructed from earthen 
materials, then covered with riprap to resist erosion.  The height and length of a guidebank is a 
function of the design discharge. The top of the guidebank must be at least at the elevation of the 
flow depth associated with the design discharge (i.e., the bridge capacity).  Overtopping of the 
guidebanks should be avoided to reduce the possibility of high shear stresses in undesirable 
locations behind the guidebanks. 
Rock vanes, cross vanes, and w-weirs are stream restoration structures promoted by Rosgen 
(1996) to improve lateral stability and flow alignment and, in the cases of cross vanes and w-
weirs, provide some grade control on degrading beds.  Like bendway weirs, these structures tend 
to be very effective in flow depths up to about five times their height.  They were recently tested 
in a laboratory flume to assess their ability to move scour away from pier and abutment 
 
679
foundations, thereby reducing scour at bridges (Johnson et al., 2001a; Johnson et al., 2001b).  
Both a single span and a double span bridge were modeled for testing vanes and cross vanes at 
an abutment of a single span bridge and w-weirs at a bridge pier.  The results showed that scour 
at the pier or abutment was generally reduced on the order of 65 to 90 percent, depending on 
flow conditions and the structure configuration.  The scour was moved away from the abutment 
or pier into the center of the channel.  These structures have not yet been systematically tested in 
the field and were tested in the laboratory for only two types of bridges; however, preliminary 
design criteria for these structures are given in Johnson et al. (2001a; 2001b) and are summarized 
below:
$ Vanes should be orientated upstream at 30( to the bank.
$ The vane should extend no more than about 1/3 of the bankfull channel width into the 
channel from the bank. 
$ At the bank, the height of the vane should be at the bankfull elevation, pitching down to the 
channel invert at its tip.  This pitch from the horizontal should not exceed about 7.5% on low 
to moderate slopes less than about 0.02.  On higher slopes, 0.02 up to about 0.045, a higher 
pitch can be used, on the order of 12-14%.
$ The channel must have a width to depth ratio of at least 10. 
$ The vane should be placed upstream from the abutment such that 1.5W  d  2W, where W 
= channel width and d = the projected distance along the bank from the upstream corner of 
the abutment to the upstream tip of the vane (with d t 0).
$ If a second vane is used, the spacing between the vanes should be based on the same 
calculation as the spacing between the bridge and the vane except that the distance will be 
measured from the upstream tip of the first (downstream) vane to the upstream tip of the 
second (upstream) vane. 
$ Cross vanes are designed similarly to vanes except that the connecting central portion (the 
center 1/3 of the channel) is placed at the channel invert. 
$ W-weirs are placed upstream of bridge piers such that the flow is diverted around the pier.   
$ At the banks, the w-weir height is at the bankfull elevation to maintain the proper horizontal 
pitch from the bank to the channel bed, the same as for vanes.   
$ At the central apex, the w-weir height is about 3/4 bankfull elevation and the two upstream 
apexes are at the channel invert.   
$ The angle at the bank should be 25( for a w-weir while the angle in the central apex should 
be about 40(.
$ The w-weir should be placed 0.3W upstream from the pier, where W is the bankfull channel 
width.
APPLICABILITY AND UNCERTAINTY OF FLOW ALIGNMENT STRUCTURES 
All mitigation structures have limitations and appropriate applications.  Lagasse et al. (1997) 
provide a table summarizing the appropriate physical conditions for many of these structures.  In 
Table 1, the applicability of each of the structures discussed in this paper for providing a 
transition from the stream channel through the bridge opening is given.  The information in 
Table 1 is based on Johnson (2002), Johnson et al. (2001a), Johnson et al. (2001b), and Brown 
and Johnson (1999).  In addition, each structure has advantages and disadvantages.  For example, 
rock vanes, cross vanes, and w-weirs are relatively simple to design and construct and are 
typically constructed from inexpensive materials.  However, the bank must be appropriately 
aligned and possibly modified to accept the vane configuration.  In addition, excavation of the 
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channel is required for placement of a footer.  Cross vanes and w-weirs can be used to control 
both degradation and bank erosion.  The main advantage of submerged vanes over rock vanes is 
that the bank can be in poor alignment with the bridge abutment; the vane will gradually cause 
the channel to realign itself.  Thus, the submerged vanes require less excavation.  Also, since 
they are submerged, they have a minimal effect on the aesthetics of the channel.  In some cases, 
they may even become gradually buried and vegetated as the channel realigns.  Given the 
flexibility in the design of submerged vanes, there are few limitations in the size of the stream.  
Bendway weirs are also submerged much of the time and so have a minimal effect on the stream 
aesthetics.  However, the angle of bendway weirs to the bank may be too high to provide an 
effective transition in some cases.  Guidebanks can protect outflanking from occurring at the 
bridge embankments.  The main disadvantage of these structures is that they are relatively large 
structures that may not fit into the aesthetics of the stream. 
In addition to limitations, advantages, and disadvantages of each of the structures, there are 
several sources of uncertainty that should be considered in using any of these diversion structures 
at bridges.  The primary sources of uncertainty, listed in order of their relative importance, are 
given below. 
$ Lack of systematic field testing and documentation.  Most of these structures have not been 
systematically tested.  Although some have been used widely in stabilizing streams, 
documentation on their effectiveness over a range of flows is minimal.  Some have been 
tested for selected conditions in laboratory settings, but systematic field testing is mostly 
lacking.  Thus, known successes at bridges during high flows, such as the 100-year flood, is 
nonexistent for most of these structures.
$ Construction experience and implementation.  The availability of skilled or experienced 
contractors may greatly influence the level of uncertainty.  The ease of access to the site as 
well as the level of difficulty in working with bed and bank materials will also contribute to 
uncertainty in the structure’s ability to provide an adequate transition and to protect the 
bridge against scour.
$ Design.  The level of uncertainty in design is a function of the availability of detailed design 
procedures, the appropriateness of the design for specific flow and channel conditions, and 
the experience of the designer.  Although some design guidelines exist for the measures 
discussed here, they cannot account for all applications and conditions. 
$ Detection of failure.  The ability to detect failure or impending failure of these structures 
ranges in difficulty in the methods that are required, such as visual observations, surveys, or 
real-time monitoring.  Thus, uncertainty arises when the engineer or inspector is unaware of 
the condition of the structure during high flows and whether it is continuing to be effective in 
providing an adequate transition and preventing or controlling instabilities or scour at the 
bridge.
$ Maintenance.  The uncertainties listed above necessitate monitoring and maintenance for 
most of these structures. Lagasse et al. (1997) describe the maintenance of vanes as high to 
medium, guidebanks as medium to low, and bendway weirs as low.  However, it is unclear 
how often and over what period monitoring and maintenance are required.  For example, they 
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could be examined annually, following every flood, or during bridge inspections.  The 
frequency of monitoring and a maintenance schedule that would be suitable given all of these 
uncertainties are unknown. 
$ Estimation of hydraulic parameters.  For any of these designs, a design discharge, velocity, 
and flow depth must be determined.  Although models exist to estimate velocity and depth 
given a discharge, uncertainty exists in making those estimates (Johnson, 1996). 
CONCLUSIONS 
Rock or submerged vanes, cross vanes, w-weirs, bendway weirs, and guidebanks can be used to 
create a smoother transition during high flows from the stream channel through a bridge opening.
The smoother transition and the creation of depositional zones along the banks and, in the case of 
w-weirs, in mid-channel, can prevent undesirable scour from occurring at the bridge abutments 
and piers.  Uncertainty in the design, implementation, maintenance, detection of failure, 
parameter estimation, and the lack of systematic testing leads to uncertainty in the effectiveness 
of these structures.  These uncertainties should be carefully considered prior to design.  The 
uncertainties can be lessened through experience and testing. 
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Table 1.  Applicability of structures for providing transitions at road crossings (W = well suited , 
M = moderately well suited, N = not suitable). 
Structure
Abutment
Scour
Protection
Pier
Scour
Protection
Grade
Control
Contraction 
Scour
Protection
Improve
Alignment
Rock vanes W N N M M
Submerged vanes W W N M W
Guidebanks M N N W N
Cross vanes W N W M M
W-weirs W W W M M
Bendway weirs M N N M M
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